Abstract -Power systems have been through deep changes in recent years, namely with the operation of competitive electricity markets in the scope and the increasingly intensive use of renewable energy sources and distributed generation. This requires new business models able to cope with the new opportunities that have emerged. Virtual Power Players (VPPs) are a new player type which allows aggregating a diversity of players (Distributed Generation (DG), Storage Agents (SA), Electrical Vehicles (V2G) and consumers), to facilitate their participation in the electricity markets and to provide a set of new services promoting generation and consumption efficiency, while improving players` benefits. A major task of VPPs is the remuneration of generation and services (maintenance, market operation costs and energy reserves), as well as charging energy consumption. This paper proposes a model to implement fair and strategic remuneration and tariff methodologies, able to allow efficient VPP operation and VPP goals accomplishment in the scope of electricity markets.
I. INTRODUCTION
HE diminishing reserves of fossil fuels and the consequent increase of its price inflated by penalties related to environmental issues, led to an increasing need for renewable energy [1] .
From an environmental standpoint, the advantages resulting from the use of renewable energy sources are indisputable. However, although energy sources are favorable for the development of distribute generation, there are important aspects to consider in terms of technical and economic issues. Issues such as the dispatch (mainly wind and photovoltaic), the participation of small producers in the market and high costs of maintenance, are problems that must be overcome [2] .
Aggregating strategies allow players gaining technical and commercial advantages. Individuals can achieve higher profits due to specific advantages of a mix of technologies to overcome disadvantages of some technologies. The aggregation of players gives rise to a new concept, the Virtual Power Player (VPP) [3] . VPPs are heterogeneous entities that aggregate different types of technologies (Distributed Generation (DG), Storage Agents (SA), Electrical Vehicles (V2G) and consumers).VPPs participate in the electricity markets and provide a set of new services to promoting efficiency in generation and consumption and improving players' benefits [4] . When aggregated to a VPP producers can assure that their generators are managed optimally. At the same time, the VPP will be able to acquire a more robust profile generation. Each aggregated player has its individual goals; the VPP should conciliate all players in a common strategy, able to allow enabling each player its pursuit for its own objectives [3] .
Multi-agent systems (MAS) represent a relatively new paradigm, able to deal with complex dynamic interactions and support both artificial intelligence techniques and numerical algorithms. A multi-agent approach in which software agents are capable of flexible autonomous action in order to meet their design objectives is an ideal fit to the naturally distributed domain of a deregulated energy market.
Accordingly, this work addresses the challenge of using software agents to help managing the complexity of electricity markets. It intends to go a step forward in the development of electricity markets simulators, by putting together the experience and expertise of a multi-disciplinary research team. Part of the team has been involved in the development of MASCEM [5, 6] , a multi-agent simulator for competitive electricity markets. MASCEM strongest points are: (i) the use of sophisticated Artificial Intelligence techniques to model market participants, (ii) a flexible and open approach supporting a diversity of models and tools for electricity markets players, and (iii) a balanced approach of technical an economic issues. The research team also has recognized expertise in bilateral contracts and automated negotiation, VPPs and coalitions in MAS and risk management [4] . The main goal of this work is to develop remuneration and tariff methodologies in the scope of a VPP. This paper presents a model to implement fair and strategic remuneration methodologies. In order to accomplish it, it is important to consider some conditions such as remuneration of producers and SAs, and tariffs for electrical vehicles with gridable capability. The contribution of the player to the aggregator (market results, contract portfolio and clauses, players behavior and classification, participation in ancillary services and demand response, etc) are also important aspects to be considered, along with the markets operation context. This paper is structured as follows: the present section introduced the concept of VPP, and the identification of this entity's characteristics in the scope of electricity markets. 
II. ELECTRICITY MARKETS -SIMULATORS AND CONCEPTS
Several works have been undertaken using simulators to model the complex interaction between the different players that act in electricity markets. These successful examples sustain the fact that a MAS with adequate simulation abilities is suitable for simulating electricity markets,. Furthermore, although MAS are not necessarily a simulation platform, simulation may be of crucial importance for markets study, namely concerning scenarios comparison, future evolution study and sensitive analysis. Here are presented some of the most relevant existing simulators:
x Simulator for Electric Power Industry Agents (SEPIA) [7] , is a Microsoft Windows platform oriented simulator. It is based on Plug and Play architecture, allowing users to easily create simulations involving several machines in a network, or in a single machine, using various processing units. SEPIA allows specifying the number of participating agents, as well as their behaviors, interactions, and changes during the simulation. The simulation developments can be followed and oriented by mechanisms for that purpose. x The Electricity Market Complex Adaptive System (EMCAS) [8] , uses an agent based approach with agent strategies based on learning and adaptation. Different agents are used to capture the restructured markets heterogeneity, including generation, demand, transmission, and distribution companies, independent system operators, consumers and regulators. It allows undertaking EM simulations in a time continuum ranging from hours to decades, including several pool and bilateral contracts markets. x Power Web [9] , is a Web-based market simulator, allowing the various participants to interact from very distinct zones of the globe. It is a rather flexible system that allows the definition of simulations with a large set of scenarios and rules. This simulator includes a centralized agent, acting as an independent system operator, to guarantee the reliability of the system, according to a defined group of entities, acting in various markets. It also allows users to enter an open market, competing against producers controlled by other users or computational algorithms. x The Short -Medium run Electricity Market Simulator (SREMS) [10] , is based on game theory and is able to support scenario analysis in the short-medium term and to evaluate market power, in some situations. Some of its main features are: short-medium run (a time horizon of one month or multiples of it) simulation of electricity markets based on game theory, calculating price-makers optimal hourly bids; inelastic load, defined hour by hour and zone by zone; tree-like network with interzonal transit limits; monthly scheduling of reservoir hydro pumping storage plants; highly realistic representation of thermal plants; possible quota appointed to physical bilateral contracts, depending on producers share and risk attitude. It is particularly suitable to study the Italian electricity market. x Agent-based Modeling of Electricity Systems (AMES) [11] , is an open-source computational laboratory for the experimental study of wholesale power markets restructured in accordance with U.S. Federal Energy Regulatory Commission (FERC)s [12] market design. It uses an agent-base test bed with strategically learning electric power traders to experimentally test the extent to which commonly used seller market power and market efficiency measures are informative for restructured wholesale power markets. The wholesale power market includes independent system operator, load-serving entities and generation companies, distributed across the busses of the transmission grid. Each generation company agent uses stochastic reinforcement learning to update the action choice probabilities currently assigned to the supply offers in its action domain. These are important contributions but, in general, lack flexibility as they adopt a limited number of market models and of players methodologies. The evolution of some of these simulators is difficult to track but some of them, as is the case of AMES, are evolving in a very dynamic way. At the present state, it is important to go a step forward in electricity markets simulators and this is crucial for facing the changes in power systems. Increasing number and diversity of active players (due to high penetration of distributed generation, and demand side participation) are a huge challenge [13] .
A. MASCEM
MASCEM -Multi-Agent System for Competitive Electricity Markets [5, 6] , is a tool that combines agent basedmodeling and simulation, with the characterization of agent objectives, dynamic strategies, and game theory for scenario analysis. MASCEM purposes is not to explicitly search for equilibrium points, but to help understand the complex and dynamic system behavior that emerges from the interactions of heterogeneous individuals, and support market players in their decisions in such an environment.
MASCEM has evolved into considering distributed generation of electrical energy increasing use by means of VPPs. VPPs can reinforce the economic value of these generation technologies making them profitable in electricity markets.
MASCEM goal is to be able to simulate as many market models and players types as possible so it can reproduce in a realistic way the operation of real electricity markets. This enables it to be used as a simulation and decision-support tool for short/medium term purposes but also as a tool to support long-term decisions, such as the ones taken by regulators.
There are several entities involved in the negotiations in the scope of EMs. Figure 1 presents a general overview of MASCEM main entities interaction. MASCEM multi-agent model represents all the involved entities and their relationships, it includes: a market facilitator agent, seller agents, buyer agents, VPP [14] agents, VPP facilitator agents, a market operator agent and a system operator agent. The VPP Facilitator coordinates the interactions between the aggregated members and the VPP agent. Previously, the main task of VPPs in MASCEM was the aggregation of smaller players and the VPP bid definition.
Developing the remuneration process required an improvement of MASCEM's functionalities.
Firstly, it required the integration of V2G and SA in MASCEM; secondly it was necessary to adapt the operation of the VPP agents to be able to operate with consumers, storage and V2G agents. Finally, after the markets negotiation process, the remuneration mechanism is executed. The results of remuneration and tariff process are used in a learning algorithm to improve the quality of remuneration process and the market bids definition [15] .
B. VPP -Virtual Power Players
The advantages of renewable energy sources are clear from the environment point of view, but there are problems that must be overcome to take advantage of an intensive use of renewable energies, due to technical and economical restrains caused by distributed generation.
Aggregating strategies enable renewable energy producers to gain technical and commercial advantages, making profit from the specific advantages of a mix of several generation technologies and overcoming serious disadvantages of some other technologies. The aggregation of distributed generation plants gives place to the new concept of VPP. VPPs integration in electricity markets is a very challenging domain that has been motivating MASCEM evolution. VPPs are multi-technology and multi-site heterogeneous entities, modeling relationships between aggregated producers and VPPs. The remaining electricity market agents are a key factor for their success [13] .
VPP must forecast the generation of aggregated producers, to sell energy in the market, and "save" power capacity to ensure a reserve, to compensate the generation oscillation of producers of renewable energies. VPPs can use different market strategies, taking in account different aspects such as producers established contracts, or the range of generation forecast.
MASCEM´s modeling of VPPs, enlarged the scope of procedures negotiation in this simulator, allowing the study of different types of negotiation outside the usual electricity markets. It is important to remind that the concept of VPPs initially appeared as an entity that aggregates energy producers. But as we go further on the development of intelligent agents, VPPs naturally evolved to entities that allow aggregating more technologies of energy production, and also energy consumers, storages and electrical vehicles.
III. REMUNERATION AND TARIFF
The restructuring of the electricity sector brought many changes to operation rules, allowing this sector to provide higher efficiency and enhance the competitiveness of all the involved participants. This process presents high complexity, placing several challenges to both the enterprise and scientific communities [2] . The lack of management methods and compensation of small producers in a market environment, fairly and appropriately, is one of the gaps that this study intends to overcome.
As previously referred, the main goal of this work is to develop remuneration and tariff methodologies in the scope of a VPP. To achieve this goal it is necessary to consider some important conditions such as remuneration of producers and storage agents, energy consumption tariffs and remuneration and tariffs for electrical vehicles with gridable capability (V2G).
Knowledge concerning market rules is important for the definition of remuneration and tariff strategies. VPPs can sell or buy energy in many markets, such as: the forward market, day-ahead market, balancing market, ancillary services, real time market and in bilateral contracts [16] . The possible operation of the VPP in all of these markets is crucial to increase the VPP benefits and consequently increase the players' remuneration, and it is also fundamental to reduce players' costs. VPPs may need to sell or to buy different amounts of energy in distinct moments of the day or in different seasons of the year, and they must change their strategies according to the characteristics of their aggregated players. Penalty mechanisms and market clearing price forecast are important factors to guarantee the VPP management strategies success [17] .
A task of huge importance is the prediction of the main expected results of the VPP, which deals with the identification of VPPs characteristics, concerning aspects such as: (i) VPPs operation in what concerns the internal relations among the VPP and its aggregated players. This concerns all the relevant factors for internal negotiation and also for addressing technical issues. (ii) Operation of VPPs in what regards their relations with external entities. This includes the operation in electricity markets, but also the relationship with other entities such as energy buyers and sellers with whom bilateral contracts can be negotiated both for trading VPP generated energy and for guarantying the demand supply.
Another critical task concerns the modeling of the remuneration process, improving MASCEM functionalities, and providing decision support to VPPs. The first major requirement for the remuneration process to be suitably implemented is the MASCEM simulator's ability to operate with consumers, storage and V2G agents. The remuneration mechanism is executed after the closing of the markets and of the bilateral negotiation process. The results of remuneration and tariff process are used in a learning algorithm to improve the quality of the remuneration process, with consequential implications to the market bidding process. The establishment of remuneration and tariffs is based on the identification of players' types and on the development of contract models for each player type. This considers players with a diversity of resources and requirements, playing several distinct roles (a player can be a consumer, a producer and can be responsible for one or several V2G). The players modeling take into consideration the operation and market context. The terms for new contracts and the best strategies for each context are determined by means of machine learning based methods [6, 13] . The diagram presented in Figure 2 represents the remuneration and tariff definition process. The historical data base is updated after each simulation, including the agent's results in the market. This historic log is used by the VPP to get information regarding the agents ' behavior. With this information VPPs are able to take conclusion about several very important aspects, such as understanding if an agent usually meets the contracts agreements it committed to; or if agents have a production type that the VPP finds interesting to aggregate, etc.
The proposed methodology takes into account relevant factors concerning each player, their contribution to the aggregator, and the market and operation context. These factors include the VPP market results, contract portfolio and clauses, players' behavior and classification, Locational Marginal Prices (LMPs), participation in ancillary services and demand response programs, players' consumption profile, V2G usage profile and requirements, and parking and stations remuneration and tariffs.Players clustering and classification is very important, in order to optimize the remuneration and tariff strategies, As seen by Figure 2 , after the historical data processing, and players profiles definition phases, the remuneration and tariff definition process considers a data mining [18] based task. This task enables the VPP to analyze and understand the profiles of its aggregated players so that the strategies can be adapted to each player. A clustering methodology is used for this purpose. A classification method is required to obtain a rule set that can be used to classify the aggregated players in the defined clusters. In order to identify interesting relations in players' data base, a clustering process based on data mining [18] techniques is applied. The extraction of knowledge from these data is based on the process of knowledge discovery in databases.
The data mining process includes the utilization of algorithms to discover patterns among the data, following a similarity criterion. This has the purpose of assembling the data in such a way that each cluster contains objects with a high similarity among them and a high imparity with objects of other clusters. After the clustering step, the classification model is implemented with the main goal of creating a set of classification rules. These are defined according to a given scenario, taking into account the set of input attributes.
The remuneration and tariff strategies definition and modeling is made according to the profiles established in the clustering process, taking into account the market rules, system characteristics, and real time system operation. The VPP, using this methodology, defines strategies for producers' remuneration, storage units' remuneration, consumption tariffs and V2G remuneration and tariffs.
These strategies consider the benefits both for the players, and also concerning the VPP profits. On one hand, the main goal of the VPP is to maximize its profits, which requires selling at high prices, buying at low prices and trading large quantities of energy. However, in a competitive environment, aggregated players can eventually act directly in the electricity market or aggregate themselves to another VPP. In other words, VPPs strategies must take into account each player satisfaction, considering not only its own benefits but also the benefits for their aggregated players.
The use of heuristic techniques is important to simultaneously optimize the VPP's and the players' profits [10] . The problem is a contradictory multi objective problem, in which the solution depends on the strategies used by the VPP. A machine learning based method [6] determines the best remuneration and tariff strategy. The implementation of the optimization module in the scope of MASCEM allows the simulation and validation of the obtained strategies. Moreover, when the strategies are defined, a large set of case studies can be simulated, in order to obtain the required data for the machine learning module With this information the VPP chooses the contract that best suits the agent, considering the terms of the contract according to the importance of the agent. If the agent is considered to be important, the VPP can offer contracts with better terms in order to attract the agent to its aggregation. On the other hand, if the agent is not that important, the remuneration and the termination clauses of the contract will be lower. This way, the interests of either the VPP or aggregated agents are safeguarded in a more transparent and fair way. MASCEM is used to simulate the use of the obtained contracts and strategies.
Market simulation considers the players remuneration, where the inclusion of the remuneration and tariff process in MASCEM allows the validation of the adopted strategies for each VPP in a competitive environment. The remuneration process cannot be treated separately from market results and from operation results. For example, if a VPP does not sell any of its available power, the VPP does not pay anything to players, or simply base amount, according to the established contracts. On the other hand if a VPP sells a quantity of energy and the producers do not supply the amount of power they have committed, the VPP needs to adapt the remuneration strategy to this situation, while penalizing such producers. The VPP needs to consider all these situations in simulation scenarios and adapt remuneration strategies according to the established contracts and the market rules.
IV. CONCLUSIONS
This paper presented a methodology to solve the problem of remuneration and tariff in the context of VPPs. Currently there is a gap in what concerns this type of processes. In fact, that are no methods found in the literature to address this problem. This is mainly due to the VPP being a recent concept, still under development. This, however, enables this work to be a relevant contribution to the field, when starting to address this issue.
The remuneration and tariff methodology offers great advantages, since it considers very important and distinct characteristics of the players. Some of the most important regards that are considered are: the player's type, which allows the development of differenced contracts for each type of player. This considers players with a diversity of resources and requirements, playing very distinct roles and operation in the market context. Such context is also a matter of high investment in this work, with the purpose of adapting the VPP's actions and behavior to the different found circumstances of the "world", including the specific and lower-level individual contexts of each market and negotiation mechanism. Using the context analysis and the players profiles definition, machine learning and data mining techniques are applied, in order to support the achievement of the best decisions for the VPP.
The variety of features that composes the decision process for contracts negotiation makes this a very complete model, enabling to go a step further towards the definition of a real scenario.
